Mutants and molecular dockings reveal that the primary L-thyroxine binding site in human serum albumin is not the one which can cause familial dysalbuminemic hyperthyroxinemia.
Natural mutations of R218 in human serum albumin (HSA) result in an increased affinity for L-thyroxine and lead to the autosomal dominant condition of familial dysalbuminemic hyperthyroxinemia. Binding was studied by equilibrium dialysis and computer modeling. Ten of 32 other isoforms tested had modified high-affinity hormone binding. L-thyroxine has been reported to bind to four sites (Tr) in HSA; Tr1 and Tr4 are placed in the N-terminal and C-terminal part of the protein, respectively. Site-directed mutagenesis gave new information about all the sites. It is widely assumed that Tr1 is the primary hormone site, and that this site, on a modified form, is responsible for the above syndrome, but the binding experiments with the genetic variants and displacement studies with marker ligands indicated that the primary site is Tr4. This new assignment of the high-affinity site was strongly supported by results of MM-PBSA analyses and by molecular docking performed on relaxed protein structure. However, dockings also revealed that mutating R218 for a smaller amino acid increases the affinity of Tr1 to such an extent that it can become the high-affinity site. Placing the high-affinity binding site (Tr4) and the one which can result in familial dysalbuminemic hyperthyroxinemia (Tr1) in two very different parts of HSA is not trivial, because in this way persons with and without the syndrome can have different types of interactions, and thereby complications, when given albumin-bound drugs. The molecular information is also useful when designing drugs based on L-thyroxine analogues.